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Analysis of E百ectorT Lymphocyte Subpopulations Necessary 
to Mediate Semisyngeneic Tumor Rejection in Mice 
ATSUSHI KEYAKI 
Department of Neurosurgery, Faculty of Medicine, Kyoto University 
(Director: Prof. Dr. HAJIME HANDA) 
The effector T lymphocyte subpopulations necessary to mediate semisyngeneic tumor 
rejection was investigated in mice using two different tumors transplanted subcutaneously or 
intracranially. 
(BALB/c×C57BL/6)F i-nu/ + mice were immunized with either a radiation-induced 
leukemia RL♂1 of BALB/c origin or Friend virus induced lymphoma FBL-3 of C57BL/6 
origin by subcutaneous injection of viable tumor cells followed by spontaneous regression of the 
tumor mass. The spleen cells harvested from these immunized mice were treated with either 
monoclonal anti Thy-1 or anti Lyt antibody and complement in order to eliminate desired T 
lymphocyte subpopulations, and then used as effector cells in both Winn-type neutralization assay 
and systemic transfer study using CB6F i-nu/nu mice as recipients. According to these in vivo 
studies. Lyt-1 +23-cells in FBL-3 system, and Lyt-23+ cells (i.e. Lyt-1 23+ and Lyt-1 +23+) in 
RL♂1 system were considered to play a major role in tumor rejection. However、anincreased 
number of Lyt-1-23+ immune spleen cells were also capable to reject FBL-3 tumors. 
The distinctive footpad reaction, histologically confirmed as delayed type hypersensitivity 
(DTH) was observed in FBL-3 system, whereas any footpad swelling was not seen in RL♂1 
system when tumor-immune CB6F1-nu/+ mice were challenged with irradiated tumor cells into 
footpad. The e仔ectorT lymphocyte subpopulations to mediate DTH against FBL 3 were also 
studied when the FBL-3 immune spleen cells treated with anti Lyt antibodies plus complement 
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were injected together with irradiated FBL 3 into footpad of CB6F 1 nu/nu mice. Consequently, 
Lyt-1 +z3-subpopulation, which were the same surface phenotype of lymphocyte to mediate 
tumor rejection in FBL-3 system、wasconsidered to mediate DTH reaction. These results sug 
gest the close relationship between tumor rejection and DTH response in FBL-3 system. 
The e仔ectof both cytotoxic and noncytotoxic T cel lines on established FBL 3 tumors was 
also studied in both neutralization and systemic transfer studies. C'ytotoxi＜、celline against FBL-
3. CTLL E2, which was obtained by limiting dilution of the FBL-3-immune spleen cells in the 
presence of IL 2 but maintained without an addition of it、wascomposed of three lymphocyte 
subpopulations such as 10 15% Lyt 1 +23一， 5570% Lyt 1 +23+ and 20-30% Lyt 1-23+ cels, 
revealed highly speci五cantitumor activity in vivo. Howeverヲnoncytotoxiccel line E2n, which 
composed of entirely Lyt-1 +z3-cells‘had no antitumor activity against established FBL-3. 
The capacity of both cell lines to induce the reaction of DTH was also studied. The result that 
both cel lines failed to induce DTH against irradiated FBL 3 cells suggests the functional diparity 
of Lyt-1 +z3-cells between cultured cel lines and immune spleen cels. 
In conclusion, it was clarified that the heterogeneous T lymphocyte subpopulations were 
induced according to the tumor system used, indicating the importance of not only Lyt-2+ CTL 







BALB/c 7 ウス（H-2d）の放射線照射誘発白血病細 lとより惹起されているととが明らかとなったが， RL
胞RL♂l，又は C57BL/67 ウスから Friendvirusに ♂1の系ではその様な腫脹は認められなかった.FBL 
より誘発された lymphomaFBL-3の両麗蕩細胞で -3を用いた系において，同じ表面抗原（Lyt-1+23 ）を
(BALB/c×C57BL/6)F1(CB6F1）マウスを免疫した． 有する牌細胞が腫場拒絶と DTH反応を惹起するこ
免疫牌細胞を抗マウスリンパ球抗体（抗Thy-1，抗Lvt) とより両者の関連が示唆された．




在が必須であり RL♂1の系においては Lvt1 +23＋及 け，かつ FBL-3I乙対して強い細胞障害性を有するT
びLyt-1-23＋細胞が， FBL-3の系では Lyt-1+z3－及 細胞混合株 CTLL-E2を確立しinvivoでの効果を検
びLyt-1～23＋細胞が invivo において主要なエフム 討したと乙ろ，腫蕩中和試験並びに全身移入試験で強




従来より Lyt-1+23一細胞が遅延型過敏症（DTH）反 従来より腫場拒絶の中心的なエフ L クター細胞と考え
応のエフェクター細胞と考えられていることにより， られてきた CTL以外に DTH反応を惹起すると同一

































が CTLとその Lyt表現型の異なる Lyt-1+23 T細胞
サブセソトにより惹起される遅延型過敏症（delayed-
type hypersensitivity, DTH）反応は証明されず，又























の BALB/c(H-2d), C57BL/6 (H-2b), (BALB/c× 
C57BL/6)F1 (CB6F1)(H-2d/b）及び CB6F「nu/nu,
(BALB/c×BlO. Thy-L l)F, (C、BlO(Thy-1.l)F1)(H 
2d/b, Thy-1. 2/Thy-1. l）マウスを用いた．実験腫蕩
は BALB/c＜ ウスから放射線照射により誘発された
白血病細胞 RL♂1,RL♂6, RL平8,RL平9,C57BL/6 
7 ウス由来の Friendvirus誘発リンパ腫である FBL-
3細胞を用いた．一部の実験では化学剤lとより誘発さ
れた白血病細胞 EL-4(C57BL/6), P815 (DBA/2, H-
2d), Moloney 白血病 virusで誘発された Natural




rum, FCS, Flow Laboratories, Inc., Rockville, MD）を
添加された培養液RPMI-1640(Grand Island Biologi-
cal Co., Grand Island, NY）の培地lとて継代維持した．
2- 担腫癒モデルの作製
腹腔内あるいは培養器より集めた腫場細胞はHanks
balanced salt sol山 on(HBSS）で3回洗浄後，皮下
接種の場合には 0.1ml，脳内接種の場合には0.01ml 
の量に浮遊させエーテル麻酔下に背部皮内，あるいは
microinjector (Hamilton, 50 μl型）と 27G矢追針を
用い右大脳半球内に半定位的に移植した山.CB6F1ヌ
ード7 ウスへの腫蕩生着率は皮内移植の場合 FBL-3

















FBL-3 Iとより免疫された CB6F17 ウス牌より
HBSS Kて単細胞浮遊液を作成し， 3回洗浄後Com-
plete medium (CM）に 5×106/mlの濃度で浮遊さ
せた.CMは RPMI-1640Iζ10%FCS, 5×10 5M2-
mercaptoethanol, 100 U /ml penicillinと lOOμg/ml
streptomycinを加えたものを用いた.MLTCは10,000
R照射した腫蕩細胞1×105/mJと等量混合し総量2ml




た柏崎〉．すなわち FBL-3で免疫された CB6F17 ウス
の牌細胞を responderとして MLTCを行い5日自に
"Cr遊離試験で FBL-3に対して高い細胞障害性を有
することを確認した後，更に responder として 500
cells/wellの密度で 5×103-1×104/wellの stimulator
(10, 000 R 照射した FBL-3),1×106/wellの feeder
















CTLL-E2は新たに feedercel と stimulator添加後
4-5日目に FBL-3Iと対し最も高い細胞障害性を示




の表面7ーカーを検索すると CTLLE2は Thy-1.2 
100%, Lyt-1 +23-10-15%, Lyt 1 23+ 20 30%, Lyt-




concanavalin A (Con A）存在下に 37。C,so,;,co2 
の incubator内で24時間培養し遠心（10,000 rpm, 20 
min）の後培養上清を得た.0. 45 μm filter (Millipore 








細胞（1×10'/100μI）に対し希望する effector tar get 
cel ratio (E/T）比に調整した細胞数のエフェクター
細胞 100μ1を加え 3000rpm で1分間遠心した後
37。C,5ら（、02のincubator内IC5時間静置した．その
後3000rpmで5分間遠心し上清100μ1の放射能活性









































害反応を行った．抗 Thy-1.1，抗 Thy-1.2，抗 Lyt-1.2, 














40分間処理した. 3回洗浄後 trypanblue dye exclu-
sion method lζて生細胞数を求めた．それぞれ， 60.4
土6.5%(Thy-l. 2抗体処理）， 50. 3 士8.4タ~ （ Lyt-1. 2抗
体処理）， 53. 8±6. 9%(Lyt-2. 2抗体処理）の生細胞が
得られた．希望するT細胞サブセットが除去されたか






























lζRL♂1 は 5× 10• コ， FBL-3 は 5× lQ6 コ，頭蓋内IC
は両腫蕩とも 1×104コを移植し3日後〈いずれの臆
蕩とも皮下においては 4-6mm前後の腫蕩径に達す







































Table 1. CYTOTOXIC ACTIVITIESりFIMMUNE SPLEEN CELLS 
% Specific lysis 





































a> and c) Cytotoxic activity in 5-hr 51Cr-release assay after 5-day 
MLTC of in vivo sensitized CB6F1 spleen cells against either 
FBL-3 (a) or RL♂1 (c). E:T=lO:l 


























































EFFECTOR TO TARGET CELL RATIO 
Spleen cells of CB6F1-nu/+mice immun-
ized in vivo against either FBL-3 (left) or 
RL♂l (right) were cultured in ML TC for 
5 days, and treated with complement alone 
（つ）， anti Thy-1.2 (.6. ), anti Lyt 1.2 （ふ）， or 
anti Lyt-2.2 （・） and complement, respecti-




Table 2. NEUTRALIZATION ASSAY AFTER TREATMENT 
OF EFFECTOR CELLS 
Number of mice; rejected/tested•' 
Treatment FBL-3 RL♂l 
SC IC SC‘ IC 
c 10110 2/5 8/8 2/5 
anti Thy-l.2+C 0/11 0/6 0/9 0/6 
anti Lyt-l.2+C 0/10 016 2/9 1/6 
anti Lyt-2.2ート（、 12/12 2/6 0/8 0/5 
a> Each tumor cel was inoculated subcutaneously (SC) or intra-
cranially (IC) together with tumor-immune CB6F,-nu/ + spleen 
cells at an E/T ratio of 5 : 1.
を得るには 1.5xl08コ以上の免疫牌細胞の移入を必 果 FBL-3のみが拒絶された．一方， RL♂1の系でも




と問量の免疫牌細胞の移入を必要とした（Table3b）・ ち抗 Thy-1.2，抗 Lyt-1.2と抗 Lyt-2.2抗体と補体を
つまり，ほぽ同じ大きさの腫蕩を拒絶させるには RL 用いて特定のリンパ球集団を除去選別した後， FBL・3
♂1 の系では FBL-3 の系に比べて約30倍の量の免 の系では 5×10＇コ， RL♂1の系では 1.5 × 10• コ IC細
疫牌細胞の移入が必要であった．次いで腫蕩の拒絶を 胞数を調整して担腫蕩ヌード7 ウスの尾静脈より移入
全例で惹起するに充分量の免疫牌細胞を移入すること した（Table4). その結果，抗 Thy-1.2抗体と補体
によりその特異性を検討した（Fig.2). CB6F1ヌード 処理により T細胞を除去した場合腫蕩拒絶能が完全に
マウスにそれぞれFBL-3,EL-4, RL♂1を移植した 3 消失するととより両系においてT細胞の移入が腫場の
群を作成し腫湯の生着ーした時点で FBL-3で免疫され 拒絶に必須であるととが確認された．抗 Lyt抗体に
た CB6F1-nu／＋マウスの牌細胞を移入した．その結 よりT細胞サブセットの解析を行うと FBL・3の系で
Table 3a. DIFFERENCES IN DOSE RESPONSE NECESSARY TO 
REJECT SC TUMORS AFTER INTRAVENEOUS TRA-
NSFER OF IMMUNE SPLEEN CELLS 
Number of mice; rejected/tested 
Number of spleen cells FBL-3 RL♂1 
transferred a> －一一一一一一一一一 一一
Immune Normal Immune Normal 
20 ×10' 6/6 0/5 
15 10/10 0/6 
10 19/34 0/8 
5 2/8 0/6 
2 23i23 2/6 0/7 
1 19/19 0/6 
0.5 16/16 0/8 
0.1 14;15 0/6 
0.05 4/8 
a> Various numbers of spleen cells were intraveneously transferred 
into CB6F1-nu/nu mice bearing 3・daytumors. 
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Fig. 2. (left): Spleen cells of CB6F1-nu/+mice (5 
×106) immunized with FBL-3 were intra-
veneously transferred into CB6F1-nu/nu 
mice inoculated with FBL-3 （心）， EL-4 （企）
or RL♂1 （・）， respectively, 3 days before. 
(right): Spleen cells of CB6F1-nu／一十mice
(1.5×108) immunized with RL♂1 were in-
traveneously transferred into CB6F1-nu/nu 
mice inoculated with RL♂1 (0), RL宇9











































Table 3b. DIFFERENCES IN DOSE RESPONSE NECESSARY TO 
REJECT IC TUMORS AFTER INTRAVENEOUS TRA-
NSFER OF IMMUNE SPLEEN CELLS 
Number of mice; rejected/tested 
Number of spleen cells FBL・3 RL♂1 
transferred"' －一一一一一一
Immune Normal Immune Normal 
15 ×107 10/10 。／5
10 7/12 。／9
5 。ill 。／8
2 。／9 0/5 
1 5/5 0/5 
0.5 8/8 0/7 
0.1 3 '6 。16
a> Various numbers of spleen cells were intraveneously transferred 
into CB6F1-nu/nu mice bearing 3-day tumors intracranially. 
Cytotoxic activity 
20: lb> 5 :1
c 65. 3 45. 3 
anti-Thy-1.l+C 10.5 4.3 
anti-Thy-l.2+C 8. 6 2. 4 
anti-aGMl +c、 49.6 37. 4 
a> The spleen cells from the second re口pientsof 
CB6F1-nu/nu mice, which had rejected the SC-
inoculated FBL-3 tumor by transfer of spleen 
cells of the五rstrecipient, were treated after 5-
day MLTC. 











Table 5. CYTOTOXIC ACTIVITY INDUCED 
IN SPLEEN CELLS FROM THE 
SECOND RECIPIENTS OF TUMOR-
REJECTED CB6F1-nu/nu MICE ARE 
MAINLY DERIVED FROM DONOR 
CELL 
腫痕細胞に対する DTH反応の惹起
EFFECT OF Ab+C TREATMENT OF IMMUNE SPLEEN 
CELLS ON THE TUMOR REJECTION AFTER IV TRANSFER 
Number of mice; rejected/tested 
FBL-3"' RL♂1 a>








a> FBL-3-immune spleen cells (5×106) or RL♂1-immune spleen cells 
(1.5×108) were intra veneously transferred after treatment into 
CB6F1-nu/nu mice bearing 3-day tumors subcutaneously (SC) 


























0 10 20 
DAYS 
Fig. 3. Spleen cells (5×106) of the first recipient of 
CB6F1-nu/nu mice, transferred with CBlO 
(Thy-l.l)F1 mice immunized in vivo with 
FBL-3, were treated with complement alone 
（企）， anti Thy-1.1 （・）， or anti Thy 1.2 (0) 
antibody and complement, respectively, and 
then intraveneously transferred into the 
second recipients of CB6F,-nu/nu mice ino-












































Fig. 5. Effector subpopulation necessary to mediate 
footpad reaction against irradiated FBL-3 
cels. 
Spleen cells of CB6F1-nu/+mice immun 
ized with FBL-3 in vivo were treated with 
complement氏、Ialone (0), anti Thy-1.2 
（企人 antiLyt-1.2 I e 1,or anti Lyt・2.2（ム）
antibodies and complement, respectively. 
The treated cells (1×107/0. 01 ml) were in-
jected together with irradiated (10,000 R) 
FBL-3 (5×106 /0. 01 ml) into right hind foot-
pad of CB6F1-nu/nu mice. 
Footpad size was measured everyday until 
day 5. The results represent the means 
（叶D)of six mice. 
3 2 
場拒絶能ばかりでなく DTH反応も Lyt1 "23 細胞
でヌードマウスに移入できることが示された（未発表














Fig. 4. Differences in footpad reactions between 
two tumor systems. 
a) CB6F1 mice immunized with FBL-3 
were challenged with irradiated (10,000 R) 
FBL-3 (0), EL-4 (-"l, or YAC-1 （・），
respectively, at a dose of l×107 /0. 025 ml 
into right hind footpad. 
b) CB6F1 mice immunized with RL♂1 
were challenged with irradiated (10,000 R) 
RL♂1 （ム）， EL-4 （・）， or YAC 1 （企人
respectivelv, at a dose of I×107/0. 025 ml 
into right hind footpad. 
Footpad size was measured everyday until 
day 5. The results represent the means 














5 4 2 
FBL 3の系において腫蕩の拒絶を得るには 5×10'
コの Lyt-1+23 細胞で充分であるが， 同量の Lyt-
1 23＋細胞の移入では腫場の拒絶はみられなかった







Table 6. EFFECT OF Lyt-1-23+ CELLS ON 
BOTH NEUTRALIZATION AND 
TRANSFER STUDIES IN FBL-3 
TUMOR SYSTEM 
I . v" n vivoassa、 Cell number Number of mice; ( E: T) rejected/tested 





Systemic transfer0' 5× 10• 
1×10' 
2×107 9/9 
a> Immune spleen cells against FBL-3 were treated 
with anti Lyt・1.2antibody and complement, and 
then used in this experiments as effector cels. 
bl Effector cells were mixed with 2×106 FBL-3 cells 
in a total volume of 0.1 ml, and injected on the 
back of CB6F1-nu/nu mice. 
ci Effector cells were intraveneously transferred into 
CB6F1-nu/nu mice which had been inoculated 














Table 7. CYTOTOXIC ACTIVITY OF CYTO-





FBL-3 56.4•、 3.2 
九'1BL-2 38.5 1. 2 




al ）ぢlysisat an E/T ratio of 10 : 1.
Table 8. NEUTRALIZATION ASSAY OF BO-
TH CYTOTOXIC AND NONCYTO-
TOXIC T CELL LINES IN NUDE 
MICE 
Tumor 
Number of mice; rejected/tested 
SC IC 











ai CTLL-E2 cells were mixed together with various 
tumor cells at an E/T ratio of 10: 1 and injected 
in the back of CB6F1・nuパ1umice. 
bl E2n cells were mixed with various tumor cels 















E2n細胞の DTH惹起能を検討した（Fig.6). CTLL 
Table 9. SYSTEMIC TRANSFER OF CYTO 
TOXIC AND NONCYTOTOXIC T 
CELL LINES INTO NUDE MICE 
Number of mi田， rejected/tested
Tumor SC IC 












a> CB6F1-nu/nu mice, inoculated with the tumor 
cells 3 days before, were intraveneously transferr-
ed with CTLL-E2 cells at a dose of 5×106/0.5ml. 
b> CB6F1-nu/nu mice, inoculated with the tumor 
cells 3 days before, were intraveneously transferr-

















































Fig. 6. Differences in capacity to induce footpad 
reaction between immune spleen cells and 
cultured cel lines. 
Effector cells (1×107/0. 01ml,6. FBL-3-im-
mune spleen cells treated with anti Lyt-2.2 
and complement, O CTLL-E2, A E2n) were 
injected together with irradiated (10,000 
R) FBL-3 into right hind footpad of CB6F1-
nu/nu mice. Footpad size was measured 
everyday until day 5. 















































Lyt・！＋23 及び Lyt-1-23＋サブセ y トの両者ともエフ
ムクターであると考えられた.Lyt-23＋の CTLサブセ
ットが FBL-3を用いた系lとてもエフェクターである





























coma virusで誘発された sarcomaは強い DTH反




腫蕩 MethA は Lyt-I+z3＋細胞で， Friendvirus誘















































































































系では Lyt-23+(Lyt i+23c, Lyt・l-23+) T細胞サブ












以上を占める長期培養可能な CTL株であり invivo 
において特異的な腫療拒絶能を示し，このような方
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